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Description 



METHOD AND SYSTEM FOR FUEL 
INJECTORTME DELAY INSTALLATION 

Background of Invention 

[0001] The present invention relates generally to fuel injection 
systems for internal combustion engines, and more par- 
ticularly to, a method and apparatus for obtaining and in- 
stalling fuel injector data that is specific to a particular 
fuel injector in an engine controller. 

[0002] In U.S. Patent 6,360,161 of Francis etal, there is shown 

and described a method and system for fuel injector coef- 
ficient installation. In that patent, there is a method and 
system that allows the use of less precisely manufactured 
fuel injectors to be used in engines while still achieving 
the optimum of performance by insuring that each indi- 
vidual injector deliver a predetermined pulse width of fuel. 

[0003] The advanced fuel injectors used today are defined by a 
third-order polynomial and, therefore, in accordance with 
the Francis etal. patent, the coefficients for the third order 



polynomial are individually obtained for each fuel injector 
and those coefficients are stored in a read/write memory. 
That data representative of the coefficients is eventually 
introduced into the memory of an ECU within the engine 
in order to achieve the desirability that each injector de- 
liver approximately the same quantity of fuel, in approxi- 
mately the same timed relationship to the engine for 
proper operation. 

[0004] Accordingly, in the aforementioned Francis etal. patent, 

the inventive method and system relate, in part, to replac- 
ing the fuel injector coefficient data in an ECU of a fuel in- 
jected engine. The method and system involve obtaining 
and storing coefficient data that is specific to a particular 
fuel injector, and providing that coefficient data, together 
with the associated fuel injector, to a customer for re- 
placement in an engine. 

[0005] A computer program was also supplied to read out the 
existing coefficient data from the ECU before writing the 
replacement coefficient data so that restoration of the ex- 
isting coefficient data, and the associated fuel injector, 
can be accomplished if the replacement fuel injector does 
not correct the service problem experienced. The system 
includes a log file to prevent misuse of the coefficient 



data by tracking how the program and data are used. That 
is, once the replacement coefficient data is used, the only 
way to reuse the data is if the original existing coefficient 
data is restored in the ECU from which it originated. If the 
data is restored, and it is assumed that the original fuel 
injector is reinstalled in the original cylinder from which it 
came, the program allows the reuse of the replacement 
coefficient data. 

[0006] While the aforementioned method and system of the 

Francis etal. patent is sufficient to insure that the coeffi- 
cients are input into the memory of the ECU in order to 
determine the third order polynomial function of each in- 
dividual fuel injector, and therefore that the individual fuel 
injector is able to accurately inject the pulse width of fuel 
into the cylinder, there is an additional bit of information 
or data that is also necessary to the proper functioning of 
the engine and which is related to the timing of the fuel 
injection into the cylinder. 

[0007] It of course, also well known that the timing of that in- 
troduction of the injected fuel into the cylinder is critical 
to the performance of the engine and that timing function 
was also illustrated in the aforedescribed Francis etal. 
patent. The timing of the injected fuel changes with RPM 



of the engine, that is, at slow speeds the injection of fuel 
is quite close to the timing ignition pulses while, at higher 
RPM, the fuel pulses are considerably in advance of the 
timing ignition pulses. The fuel injector delivers the pulse 
or injection of fuel after being activated by an electrical 
signal that is controlled by the ECU of the engine. A prob- 
lem, however, exists in the timing of the actual delivery of 
fuel from an injector after the injector has received an 
electrical signal activating the injector. Thus, while timing 
ignition pulses can be quite accurate, the actual introduc- 
tion of the fuel from a fuel injector after the injector has 
received the electrical signal to inject the fuel is not as ac- 
curate, and depends on the particular characteristic of the 
fuel injector, and all fuel injectors may have some differ- 
ences in actual delivery time of the pulse of fuel after be- 
ing activated by the electrical signal to the fuel injector. 
[0008] As can now be understood, the time of the actual injection 
of fuel into the cylinder is critical to the performance of 
the engine, however, that pulse of fuel is not injected at 
the time the injector receives the electrical signal activat- 
ing the fuel injector. Instead, there is a time delay be- 
tween the time that the electrical signal reaches the fuel 
injector and the actual delivery of a pulse of fuel by that 



injector, and that delay is due to the need for pressure to 
build up in the fuel injector before the actual pulse of fuel 
is delivered. 

[0009] Accordingly, in order to achieve the desired performance 
of the engine, it is necessary for the data or information 
relating to the time delay of a fuel injector to be present 
in the ECU so that the ECU can know how far in advance 
the electrical signal must be transmitted to the fuel injec- 
tor in order to inject the fuel at the precise desired time 
into the cylinder. 

[0010] At the present, the time delay that is utilized in determine 
the timing of the electrical signal to activate a fuel injector 
is taken as an average value and therefore each injector 
must be constructed with relatively tight tolerances in or- 
der to make that average delay time a valid bit of data to 
be used in the engine to determine the timing of the pulse 
of fuel. It would, therefore, be advantageous to be able to 
have the exact time delay for a particular fuel injector and 
use that actual data so as to allow greater tolerances in 
the manufacturing of fuel injectors, and therefore lower 
costs, while still maintaining the accuracy of the precise 
time the fuel is injected into a cylinder. 
Brief Description of Invention 



[0011] The present invention solves tlie aforementioned draw- 
bacl<s by providing a fuel injector time delay installation. 

[0012] Accordingly, by determining the time delay for an individ- 
ual injector, the amount of the time delay for any fuel in- 
jector can be electronically recorded and accompany the 
injector as it is installed in an engine. The delay time data 
can be input, at that time, to the ECU so that the ECU can 
take the delay time into account when sending the electri- 
cal signal to a fuel injector to activate the injector. In the 
preferred embodiment, the time delay for an injector can 
be determined at the same time that the coefficients are 
determined in accordance with the teachings of the Fran- 
cis etal. patent and the time delay date recorded on some 
memory device along with the coefficients. 

[0013] Therefore, in accordance with one aspect of the invention, 
a system to enter fuel injector data in an ECU when in- 
stalling or replacing a fuel injector in an engine is dis- 
closed. The system includes a computer readable storage 
medium operable with a service computer connectable to 
transmit data to an ECU of a fuel injected engine. The 
computer readable storage medium has thereon replace- 
ment fuel injector delay time that is precise to the fuel in- 
jector to be installed in the engine. The computer read- 



able storage medium also has a computer program which, 
when executed by the service computer, causes the ser- 
vice computer to write the replacement fuel injector time 
delay data to the ECU for a specified original and/or re- 
placement fuel injector. 
[0014] In accordance with another aspect of the invention, a fuel 
injector service pack is disclosed that includes a single re- 
placement fuel injector and a computer readable storage 
medium. The single replacement fuel injector of the ser- 
vice pack has a time delay in the form of a fixed amount 
of time that is experimentally determined for that particu- 
lar fuel injector. The computer readable storage medium 
has stored thereon a data file containing a serial number 
and the time delay figure for that single replacement fuel 
injector. 

[0015] jhe storage medium also has a computer program that 
includes instructions which, when executed by the com- 
puter, causes the computer to allow identification of a 
cylinder in the fuel injected engine for which a fuel injec- 
tor is to be replaced. The computer is also caused to read 
and store existing fuel injector time delay data from an 
ECU of the fuel injected engine and write the custom set 
of time delay information from the data file to the ECU for 



use with the single replacement fuel injector. 
[0016] In accordance with yet another aspect of the invention, a 
method of servicing an engine requiring fuel injector re- 
placement includes identifying a fuel injector in need of 
replacement by cylinder number, establishing communi- 
cation between a service computer and an ECU of the en- 
gine, and downloading ECU, engine, and fuel injector data 
from the ECU to the service computer. The method next 
includes writing replacement fuel injector time delay data 
to the ECU for a replacement fuel injector for the specific 
cylinder identified. The method next includes installing 
the replacement fuel injector in that cylinder of the fuel 
injected engine. 

[0017] In accordance with yet another aspect of the invention, a 
method is disclosed for providing fuel injectors for a fuel 
injected engine that includes the steps of supplying a pro- 
duction fuel injector with relaxed tolerances as compared 
to a standard service fuel injector, and acquiring time de- 
lay data representing the delay time measured between 
the time an electrical signal is sent to the fuel injector to 
activate that injector to the actual commencement of the 
delivery of the pulse of fuel from that particular produc- 
tion fuel injector. The method of providing fuel injectors 



also includes writing the data representative of the time 
delay to a transportable computer readable medium and 
providing a computer program on a transportable com- 
puter readable storage medium that, when executed, 
causes the computer to load the time delay data into an 
ECU of an engine in which the production fuel injector is 
to be installed. 

[0018] The method and apparatus of the present invention allows 
for the use of a more economical production fuel injector 
when servicing an engine in the field. These production 
fuel injectors can be manufactured with relaxed tolerances 
since a specific set of time delays are determined experi- 
mentally and supplied for each injector such that the time 
delays result in an accurate timing for the introduction of 
fuel from an injector into a cylinder. 

[0019] Various other features, objects and advantages of the 

present invention will be made apparent from the follow- 
ing detailed description and the drawings. 
Brief Description of Drawings 

[0020] The drawings illustrate one preferred embodiment 

presently contemplated for carrying out the invention. 
[0021] In the drawings: 



[0022] Figs. lA and IB are graphs illustrating how the position of 
the fuel injection pulse and the pulse width as well as the 
ignition timing may be varied with respect to crankshaft 
position; 

[0023] Fig. 2 is a block diagram of a system for illustrating cir- 
cuitry for determining the appropriate timing for the acti- 
vation of fuel injectors and optimize performance of the 
engine incorporating the present invention; 

[0024] Fig. 3 shows curves that are obtained by the testing of a 
fuel injector in order to determine a delay time of a fuel 
injector; 

[0025] Fig. 4 is a perspective view of a fuel injected outboard 
marine engine having an ECU in communication with a 
portable processing unit, incorporating the present inven- 
tion; and 

[0026] Fig. 5 is a flow chart showing an implementation of the 
present invention for use with the apparatus of Fig. 4. 
Detailed Description 

[0027] The operating environment of the present invention will 
be described with respect to a 2-cycle engine, however, it 
will be appreciated that this invention is equally applicable 
for use with a 4-cycle engine, a diesel engine, or any 
other type of internal combustion engine using fuel injec- 



tors. Such engines can be found in boats, snowmobiles, 
ATVs, personal watercrafts, motorcycles, mopeds, lawn 
and garden equipment, automobiles, and the like. 
[0028] It is vvell known in the art that engine torque, speed, 

emissions, and temperature can be optimized by adjust- 
ing the amount of fuel applied to the cylinders and the 
time at which that fuel is ignited by using fuel injectors 
such as that disclosed in U.S. Pat. 5,687,050, incorporated 
herein by reference in its entirety. The amount of fuel in- 
jected into an engine cylinder is typically controlled by the 
width of the control pulse applied to the fuel injector to 
hold it open for a predetermined period of time and then 
closing it, thus allowing only a particular quantity of fuel 
to be injected into the cylinder. The timing, on the other 
hand, is determined by the timing of the initiation of the 
electrical signal with mechanical positioning of the engine 
that is controlled by the ECU. Thus, as can be seen in Fig. 
lA, curve 10 represents the pulse applied to a fuel injec- 
tor to cause a certain amount of fuel to be injected into 
the cylinder. In a like manner, pulses 12 indicate that the 
ignition pulses are supplied to the spark plug to ignite the 
fuel some predetermined period of time after injection of 
the fuel into the cylinders. 



[0029] It is also well known that as the RPM of the engine in- 
creases, the fuel must be injected into the cylinders at a 
much earlier crankshaft position for most efficient opera- 
tion of the engine. Thus, as shown in Fig. IB, pulse 10 is 
moved a greater distance away from the ignition pulses 
12 at high engine RPMs. Also, engine operation can be 
optimized by adjusting the pulse-width 10 to a width 10" 
or 10", as shown in Fig. IB, while monitoring the desired 
engine characteristics such as torque, RPM, emissions, 
and temperature. In a similar manner, if the ignition tim- 
ing pulses 12 are varied between a range 12" or 12", while 
observing the desired engine operating characteristics 
such as torque, engine speed, emissions, and tempera- 
ture, operating conditions of the engine could be further 
improved. 

[0030] The information gleaned from the curves of Figs. lA and 
IB, however, shows the criticality of not only the pulse 
width, related to the amount of fuel injected into the 
cylinder, but also the criticality of the timing of the fuel 
injected into the cylinder. Thus, it is important to the 
overall performance of the engine that the fuel be injected 
into the cylinder at precisely the correct time, and that 
such injection is directly related to the electrical signal 



that is sent to the fuel injector controlled by the electronic 
control unit (ECU) so that the electrical signal corresponds 
to the precise time that the pulse of fuel is to be intro- 
duced into the cylinder. Since, as explained, there is an 
inherent time delay between the time the electrical signal 
is sent to the fuel injector, to the actual time that the fuel 
is forced from that injector, it is preferable that such time 
delay be taken into account by the ECU. Accordingly, such 
time delay values should be known by the ECU in some 
manner. 

[0031] Thus, in the present invention, the time delay value is as- 
certained by individually testing each fuel injector so that 
an actual time value is obtained and stored for that fuel 
injector. This value is then input into the ECU when the 
engine is originally manufactured, and/or a new time de- 
lay value input as a fuel injector is later replaced, so that 
the ECU has a correct time delay for each fuel injector 
rather than simply rely upon an average delay time for all 
fuel injectors. 

[0032] Referring now to Fig. 2 a block diagram is shown of an in- 
ternal combustion engine assembly having an ECU 30 
which receives inputs such as engine speed from RPM 
sensor 32 and throttle position from sensor 34. It will also 



be appreciated, that one of the primary purposes of an 
ECU is to control the ignition firing and timing of an igni- 
tion circuit 36 that receives a signal from ECU 30 on line 
38. As shown, the control signal from ECU 30 and ignition 
circuit 36 controls firing of the engine cylinders as indi- 
cated by lines 40, 42, 44, 46 and 48. It is not unusual for 
modern internal combustion engines of all types, whether 
diesel or gasoline fueled, to use fuel injectors on each 
cylinder to provide fuel to the cylinder for combustion. 
Thus, as shown, ECU 30 further provides a control signal 
by means of line 50 to the fuel injector solenoids indi- 
cated at 52, 54, 56, 58, 60, and 62. Thus, each cylinder of 
an internal combustion engine receives both an ignition 
firing signal and a fuel injection signal from the ECU. 
While the number of fuel injectors typically matches the 
number of cylinders, the present invention is applicable to 
any number of fuel injectors and engine cylinders. 
[0033] In addition to those functions provided by an engine ECU 
in the past, the ECU used in an engine assembled for this 
invention will further include a memory which may typi- 
cally be a read-only memory 64 for storing a third-order 
equation such as ax^+bx^+cxd=0 and a read/write mem- 
ory 66 having storage locations associated with each 



cylinder of the engine for storing the coefficient data in 
accordance with the aforementioned Francis etal. patent, 
as well as time delay data specifically associated with each 
fuel injector in accordance with the present invention. 

[0034] Thus, the time delay for each fuel injector is preferably 

stored in read-only memory 64 that is provided to micro- 
processor or calculator 68 of ECU 30 and is associated 
with the cylinder for which the fuel injector is installed. 
That time delay is then used in the ECU 30 in determining 
the timing and thus sending the electrical signal to the 
appropriate fuel injector solenoids 52-62 to achieve effi- 
cient engine operation and at the same time offering re- 
duced fuel injector construction costs. 

[0035] Turning now to now to Fig. 3, taken along with Fig. 2, a 
set of curves is shown illustrating the time delay that is 
inherent in a typical fuel injector. As can be seen, the cur- 
rent to the fuel injector is plotted along the y-axis with 
time plotted along the x-axis. Curve A therefore illus- 
trates the electrical signal that is communicated to the 
fuel injector solenoids 52-62 from the ECU 30 to activate 
the fuel injectors. Curve B illustrates the pressure within 
the fuel injector with respect to time and, as can be seen, 
there is a pressure build up in the fuel injector after re- 



ceipt of the electrical signal from the ECU 30 such that the 
pressure reaches a point C where there is sufficient pres- 
sure established to dispense the fuel from the fuel injector 
and into the cylinder of the engine. 

[0036] Thus, there is a time delay that is inherent in all fuel in- 
jectors indicated as "td" in Fig. 3 and this time delay is a 
characteristic of a particular fuel injector. As such, each 
fuel injector can be tested individually to determine its 
own time delay td and, as will be seen, that time delay td 
can be stored in a memory device, such as the read/write 
memory 66 of Fig. 2. This data can then accompany the 
fuel injector as it is initially installed in an engine or when 
the fuel injector is installed as a replacement for a worn 
fuel injector. In any case, the information relative to the 
time delay is communicated to the ECU 30 for the engine 
so that the ECU 30 can take that individual time delay into 
account when firing the fuel injector solenoids 52-62. 

[0037] Referring now to Fig. 4, a perspective view of an outboard 
marine engine 100 having a fuel injected internal com- 
bustion engine 102, controlled by an ECU 104 is shown 
connected to a service computer 106. In a preferred em- 
bodiment, the service computer 106 is connected to the 
ECU 104 with a serial cable 108. However, it is contem- 



plated that the service computer 106 can communicate 
with the ECU 104 in any number of ways, including but 
not limited to a SCSI (Small Computer System Interface) 
cable and card, a USB (Universal Serial Bus) cable and port, 
standard parallel connection, or with wireless technology, 
such as by infrared or high frequency transmissions. The 
service computer 106 may be a transportable laptop, a 
desktop computer, specialized service computer, or any 
other processing unit capable of executing and running a 
computer program. The service computer 106 has a key- 
board 110, a monitor 112, and at least one disk drive 
114. The drive 114 can receive an external disk or CD, or 
any other computer readable storage medium 116. The 
ECU 104 is individually connected to each of a number of 
fuel injectors 118 to control the performance of the en- 
gine, as previously described. 
[0038] The invention includes a system to replace fuel injector 

data in an ECU 104 when replacing a fuel injector 118 in a 
fuel injected engine 102. The system includes a service 
computer 106 connectable to transmit data to the ECU 
104. The service computer 106 has a computer readable 
storage medium 116 associated therewith and having 
thereon replacement fuel injector time delay, as previously 



described. 

[0039] A computer program is also supplied and will be de- 
scribed further with reference to Fig. 5. In general, the 
computer program includes a set of instructions which, 
when executed by the service computer 106, causes the 
service computer 106 to download an identification char- 
acteristic from the ECU 104, determine which fuel injector 
is to be replaced, read existing fuel injector time delay 
data from the ECU for the fuel injector to be replaced, and 
save the existing fuel time delay data. The replacement 
fuel injector time delay data from the computer readable 
storage medium 116 is then written to the ECU 104 for 
the specific replacement fuel injector to be installed in en- 
gine 102. 

[0040] Referring now to Fig. 5, the process of replacing an injec- 
tor, together with the acts accomplished by the instruc- 
tions of the computer program, are depicted in flow chart 
form. Upon initialization 120, communication between the 
ECU and the service computer is established at 122. The 
service computer downloads the serial number to identify 
the engine and the ECU, and downloads a fuel injector 
identification for each cylinder in the engine at 124. The 
service computer then displays the serial number and type 



of injector for each cylinder 124 and then checks 126 to 
see if there was a last use of the disk, and whether there 
had already been a restoration or if this is the first use of 
the disk 130. 

[0041] The first time the computer program and the time delay 
data are used 126, 130, the user is first asked which in- 
jector is sought to be replaced 132. If, for some reason, 
the user does not wish to proceed, the user can exit the 
program 134, 135 by pressing the Esc key on the service 
computer 106, in accordance with one embodiment. This 
branch may also be followed if a time-out feature is 
added in case the user does not respond to the inquiry at 
132. Further, the exit path is also desirable in the event a 
user wants to just confirm that the service computer is 
properly communicating with a given ECU even if replace- 
ment of an injector in that particular engine is not desired. 

[0042] Once the user selects an injector to be replaced 132, 138, 
the service computer reads the existing time delay data 
from the ECU at 140 and saves it to the computer read- 
able storage medium. The replacement fuel injector time 
delay data is then read from the storage medium and 
written to the ECU 142, and then read back from the ECU 
at 144 to verify accuracy of the written replacement fuel 



injector time delay data. Tlie cylinder for which data was 
written, together with the fuel injector serial number can 
also be displayed on the service computer at 144 and the 
user is then asked to verify the accuracy of the informa- 
tion displayed 146. The service computer then checks the 
read back time delay data with the replacement time delay 
data from the computer readable storage medium and 
verifies that the time delay was written accurately 148. 
The service computer then updates a log file 150 to 
record the previous path and instruction set which was 
just previously executed. In the aforementioned example, 
the log file records that the last action taken was the first 
use, or the restore/unused function. Once the log file is 
updated, the user is instructed to physically install the re- 
placement fuel injector in the particular cylinder previ- 
ously selected 150, after which the program exists at 136. 
[0043] Once the program has been initially used, it may be de- 
sired to restore the original time delay data because, for 
example, the new injector may not solve whatever service 
problem was being experienced. In such a case, the ser- 
vice personnel may wish to reinstall the old injector. Upon 
initialization 120 and after the service computer estab- 
lishes communication with the ECU 122, the system ac- 



quires and displays the serial number and type of injec- 
tors for each cylinder 124. The program then determines 
that since the last use was a restore/unused function 130, 
the only permissible path to be taken is the restoration 
path 128. That is, the last use of the disk was for replace- 
ment of the original time delay data. The program now re- 
stricts the use of the original fuel injector time delay data 
by checking to see if one of the injectors in the engine 
matches the serial number on the computer readable 
storage medium 130. If it does not 152, an invalid use 
message is displayed 154 and the program exists at 136 
indicating that the fuel injector that came with this disk 
and the replacement time delay data is not installed in 
this particular engine. However, if one of the serial num- 
bers of the injectors in the engine matches the serial 
number on the disk 130, 156, the user is asked if the 
original fuel injector time delay data is to be restored in 
the ECU at 158. If the user does not wish to restore the 
original time delay data 160, the program then ends at 
136. 

[0044] However, assuming that the user wishes to restore the 

original fuel injector time delay data 158, 162, the original 
time delay data is written to the ECU at 164 and then read 



back at 144. The injector serial number and cylinder num- 
ber are then displayed on the service computer. The user 
is then asked to verify the information displayed at 146 
and the service computer verifies the accuracy of the time 
delay data that is written in the ECU with that on the com- 
puter readable storage medium at 148. The log file is then 
updated at 150 to indicate that the original fuel injector 
time delay data has been reinstalled in the engine which 
indicates that the new, replacement fuel injector time de- 
lay data, together with the new fuel injector may be 
reused in another engine. The user is then instructed to 
install the original injector back into the cylinder at issue 
in the engine at 150 and the program is then complete at 
136. 

[0045] It should now be apparent that the computer program, to- 
gether with the data file and the new injector may be used 
in another cylinder or in another engine. 

[0046] The present invention contemplates the use of a fuel in- 
jector of a type commonly referred to as single fluid pres- 
sure surge direct delivery fuel injector used in gasoline 
engines, and more specifically, in 2-stroke gasoline en- 
gines. One application of such an injector is a 2-stroke 
gasoline outboard marine engine, as shown in Fig. 4. 



These fuel injectors typically do not entrain the gasoline in 
a gaseous mixture before injection. However, it will be ap- 
preciated by those skilled in the art that the above- 
described invention is equally suited for use with other 
types of injectors. Another type of direct fuel delivery uses 
a high pressure pump for pressurizing a high pressure 
line to deliver fuel to the fuel injector through a fuel rail 
that delivers fuel to each injector. A pressure control valve 
may be coupled at one end of the fuel rail to regulate the 
level of pressure of the fuel supplied to the injectors to 
maintain a substantially constant pressure. The pressure 
may be maintained by dumping excess fuel back to the 
vapor separator through a suitable return line. The fuel 
rail may incorporate nipples that allow the fuel injectors to 
receive fuel from the fuel rail. Thus, in this case, a sub- 
stantially steady pressure differential, as opposed to a 
pressure surge, between the fuel rail and the nipples 
cause the fuel to be injected into the fuel chamber. An- 
other example of direct fuel injection is a direct dual-fluid 
injection system that includes a compressor or other 
compressing means configured to provide a source of gas 
under pressure to effect injection of the fuel to the en- 
gine. That is, fuel injectors that deliver a metered Individ- 



ual quantity of fuel entrained in a gaseous mixture. It is to 
be understood, however, that the present invention is not 
limited to any particular type of direct fuel injector. 
[0047] Accordingly, the invention includes a method of servicing 
an engine requiring fuel injector replacement that in- 
cludes identifying a fuel injector in need of replacement 
by cylinder number and establishing communication be- 
tween a service computer and an ECU of the engine. The 
method next includes downloading identification of the 
ECU, the engine, and the fuel injector from the ECU to the 
service computer, writing replacement fuel injector time 
delay data into the ECU for a given replacement fuel injec- 
tor for the cylinder number identified, and installing the 
replacement fuel injector in the cylinder number identi- 
fied. 

[0048] Preferably, the method includes downloading and storing 
the existing time delay data prior to writing over the 
memory locations containing the coefficient data, and 
then restricting use to restoration in the engine from 
which it was originally downloaded. In this preferred em- 
bodiment, the method includes displaying an injector se- 
rial number, an injector-type for each cylinder, determin- 
ing if the replacement fuel injector time delay data has 



been uploaded previously, and if so, determining whether 
an injector serial number in the engine matches a serial 
number of the replacement fuel injector. If there is a 
match, the restoration is allowed to proceed by uploading 
the existing fuel injector time delay data back into the 
ECU. In order to verify the data loaded in the ECU, the 
method also includes reading the written replacement 
time delay coefficient data back from the ECU, displaying 
the cylinder number in which the replacement fuel injector 
is to be installed so that a user can verify the cylinder 
number. The written replacement fuel injector time delay 
data is then verified by comparing the data with the re- 
placement fuel injector time delay data on the computer 
readable storage medium. The method includes supplying 
a production fuel and wherein the production fuel injector 
is tested to determine the time delay for that injector. The 
method includes supplying a computer readable or read- 
able/writable storage medium, such as a CD or a com- 
puter disk, with the production fuel injector wherein the 
computer readable storage medium has stored thereon 
the time delay information that corresponds to the partic- 
ular production fuel injector and a computer program that 
is capable of causing the service computer to execute in- 



structions which effectuates the aforementioned steps of 
downloading, writing, and installing. 

[0049] The invention also includes a fuel injector service pack 
which includes a single replacement fuel injector and a 
computer readable storage medium. The fuel injector has 
a time delay that is experimentally determined for that 
particular fuel injector. The computer readable storage 
medium has at least a data file and a computer program 
stored thereon. The computer file contains a serial num- 
ber of the replacement fuel injector and the custom time 
delay for the replacement fuel injector. The computer pro- 
gram stored on the computer readable storage medium 
includes instructions which when executed by the com- 
puter, cause the computer to (1) allow identification of a 
cylinder in a fuel injected engine for which a fuel injector 
is to be replaced, (2) read and store existing fuel injector 
time delay data from an ECU of the fuel injected engine, 
and (3) write the custom time delay from the data file to 
the ECU for use with the single replacement fuel injector. 

[0050] The computer readable storage medium also preferably 
includes a log file for which the computer program main- 
tains a history of actions taken by the computer program 
to ensure that the determined time delay and the single 



replacement fuel injector are kept together. The computer 
program of the service pack also causes the computer to 
allow restoration of the existing fuel injector time delay 
data if the single replacement fuel injector did not solve a 
user's service problem. It also restricts use of the existing 
fuel injector time delay data and the original fuel injector 
by first writing a serial number of the single replacement 
fuel injector to the ECU when the determined time delay 
data is written to the ECU, and then later, if the last use of 
the computer program was to replace data, then reading 
and comparing each fuel injector serial number in the ECU 
with the serial number of the single replacement fuel in- 
jector as stored in the data file when the computer pro- 
gram receives another execution command. If a match ex- 
ists, the software allows the existing fuel injector time de- 
lay data to be written back into the ECU and directs that 
the original fuel injector be reinstalled in the cylinder 
identified to match with the existing fuel time delay data. 
[0051] The invention also includes a method of providing re- 
placement fuel injectors for an engine including supplying 
a production fuel injector with relaxed tolerances as com- 
pared to a standard service injector, acquiring the time 
delay for that particular production fuel injector, and writ- 



ing the time delay to a transportable computer readable 
medium. The method also includes providing a computer 
program on a transportable computer readable medium 
that, when executed, causes a computer to load the time 
delay data into an ECU of an engine in which the produc- 
tion fuel injector is to be installed. 
[0052] In accordance with this aspect of the invention, each of 
the production fuel injectors is tested in order to deter- 
mine its time delay to be supplied with that particular 
production fuel injector. Preferably, the method also in- 
cludes the steps of reading and storing existing fuel in- 
jector time delay data from the ECU before writing over 
the data, and allowing restoration of that existing fuel in- 
jector time delay data if the replacement procedure did 
not result in a satisfactory outcome. The program restricts 
use of the existing fuel injector time delay data and the 
original fuel injector by writing a serial number of the 
production fuel injector to the ECU, and upon a request to 
restore data, reading and comparing each fuel injector se- 
rial number in the ECU with the serial number of the pro- 
duction fuel injector. If a match exists, the existing fuel 
injector time delay data is allowed to be written back into 
the ECU, if not, the execution is halted. The method in- 



eludes directing tliat tlie original fuel injector be installed 
in the appropriate cylinder if that action was deemed al- 
lowable, as previously identified. 
[0053] The present invention has been described in terms of the 
preferred embodiment, and it is recognized that equiva- 
lents, alternatives, and modifications, aside from those 
expressly stated, are possible and within the scope of the 
appending claims. 



